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TRANSIMPEDANCE AMPLIFIER WITH DIFFERENTIAL PEAK DETECTOR 

BACKGROUND 



[0001] A high speed optical communication system may communicate information using 
optical signals at various transmission speeds, such as 2.5 Gigabits Per Second (Gbps), 10 
Gbps, 40 Gbps, and so forth. These optical communication systems may use a 
photodetector to convert the optical signals to a proportional current signal. A 
transimpedance amplifier (TLA) converts this current to a corresponding voltage signal 
for later amplification and signal processing. Because the received optical signals have 
varying power levels, the TIA must have a wide dynamic range. When automatic gain 
control and automatic offset correction features are implemented in a TIA, the offset 
correction signal is often used for the automatic gain control and this may negatively 
affect the gain control function. Consequently, there may be a need for a TIA having a 
robust and precise gain control which is independent of the offset control architecture. 



BRIEF DESCRIPTION OF THE DRAWINGS 



[0002] The subject matter regarded as embodiments is particularly pointed out and 
distinctly claimed in the concluding portion of the specification. The embodiments, 
however, both as to organization and method of operation, together with objects, features, 
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and advantages thereof, may best be understood by reference to the following detailed 

description when read with the accompanying drawings in which: 

[0003] FIG. 1 illustrates a block diagram of a transceiver suitable for use in practicing 

one embodiment; 

[0004] FIG. 2 illustrates a schematic diagram of transimpedance amplifier in accordance 
with one embodiment; and 

[0005] FIG. 3 illustrates a schematic diagram of peak detectors in accordance with one 
embodiment. 



DETAILED DESCRIPTION 



[0006] It is worthy to note that any reference in the specification to "one embodiment" or 
"an embodiment" means that a particular feature, structure, or characteristic described in 
connection with the embodiment is included in at least one embodiment. The 
appearances of the phrase "in one embodiment" in various places in the specification are 
not necessarily all referring to the same embodiment. Numerous specific details may be 
set forth herein to provide a thorough understanding of the embodiments. It will be 
understood by those skilled in the art, however, that the embodiments may be practiced 
without these specific details. In other instances, well-known methods, procedures, 
components and circuits have not been described in detail so as not to obscure the 
embodiments. It can be appreciated that the specific structural and functional details 
disclosed herein may be representative and do not necessarily limit the scope of the 
embodiment. 
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[0007] Referring now in detail to the drawings wherein like parts are designated by like 

reference numerals throughout, there is illustrated in FIG. 1 a block diagram of a high 

speed optical transceiver 100 suitable for practicing one embodiment. In high speed 

optical communication systems, information signals propagate over various distances 

along transmission medium 120, such as optical fiber. These signals are amplified during 

propagation by optical amplifiers disposed along the transmission medium and are 

incident on an optical receiver or transceiver 110. The power levels associated with these 

transmitted signals vary significantly due to a number of effects. These variations in 

signal power effect whether or not a particular signal is recognized by the receiver. 

[0008] Transceiver 110 may include an optical to electrical (O/E) converter module or 

photodetector 130, transimpedance amplifier (TIA) 140, limiting amplifier 150, CDR 

module 160 which includes a clock and data recovery circuit (CDR) 161 and decoder 162 

for the receive side and laser 165, laser driver 166 and re-timer circuit or encoder 167 for 

the transmit side. Re-timer circuit 167 receives information signals in electrical form 

from input 180 and supplies these signals to laser driver 166 which provides current 

variations proportional to the received information signals. Semiconductor laser 165 

generates optical signals proportional to the received current levels for transmission over 

optical fiber 120. 

[0009] The receive side of transceiver 110 receives optical information signals 
propagating along transmission medium 120 and outputs its electrical equivalent via 
output 170. The optical information signals are incident on photodetector 130 where 
optical energy is converted to an electrical current proportional to the received optical 
signals. The expression "information signals," as used herein, refers to a signal which 
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has been coded with information. These signals are amplified during propagation by 

optical amplifiers disposed along the transmission medium 120 and are incident on 

photodetector 130 which is configured to detect an individual or range of optical 

wavelengths. The electrical signals generated by the photodetector may be relatively 

weak and require conversion to a voltage equivalent, as well as squaring-off of digital 

pulses, regenerating clock signals, and noise filtering induced by transmission and dark 

noise generated by the photodetector. The current signal generated by photodetector 130 

must be converted into a corresponding voltage for further processing. This conversion is 

accomplished by TIA 140 which is functionally equivalent to a resistor and is typically 

characterized by high transimpedance on the front end and low impedance on the back 

end. TIA 140 provides high transimpedance with low noise amplification. Because the 

current signal received by TIA 140 from photodetector 130 is small, TIA 140 acts as a 

pre-amplifier and outputs signal amplitude ranging from a few millivolts to a few 

hundred millivolts. In optical communications systems the average power of the received 

optical signals may vary by orders of magnitude depending on span losses and fiber 

nonlinearities. Thus, TIA 140 must be configured to operate over a wide dynamic range 

of input currents from photodetector 130. 

[0010] Limiting amplifier 150 functions to produce a consistent waveform in response to 
the input received from TIA 140. Again, because the input signal from the TIA 140 may 
be small, the gain level provided by the limiting amplifier 150 is significant. This gain is 
usually provided in multiple stages because high gain produced by a single stage 
amplifier is too unstable for high bandwidth communication receivers. In other words, 
limiting amplifier 150 increases the voltage gain of the signals received from TIA 140 so 
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that these signals may be processed by CDR 160. CDR 160 recovers both the data and 

the clock signal embedded in the input data stream received by photodetector 130. 

[0011] Figure 2 illustrates a schematic diagram of TIA 140 in accordance with one 

embodiment. The output of the photodetector is to couple to an input of differential 

inverting amplifier 230 with an open loop gain of -A configured to produce outputs Vip 

and Vin which are typically supplied to limiting amplifier 150. Because TIA 140 must 

function over a wide range of input currents, automatic gain control is employed. Feed 

back resistors Rl and R2 are to couple across the input and outputs of amplifier 230. 

Because of the high input impedance of amplifier 230, the current signal from 

photodetector 130 supplied to the amplifier inputs is passed through the feedback 

resistors Rl and R2. Photodetector 130 supplies the input current to amplifier 230 

essentially making the amplifier single ended. Therefore, the output will inherently be 

asymmetric. In addition, if the gain is fixed by feedback resistors Rl and R2 then 

amplifier 230 usually operates in saturation. TIA 140 receives a relatively large range of 

input current, thereby increasing the amplifier's dynamic range. By employing gain 

control transistors Tl and T2 and peak detectors 240 and 245 to monitor the output 

amplitude of the amplifier, however, a robust and precise gain control architecture may 

be achieved. 

[0012] TIA 140 includes two feedback circuits to increase the dynamic range of TIA 140. 
The first, an automatic gain control (AGC) circuit or loop, includes peak detectors 240 
and 245, DC gain amp 250, and gain control transistors Tl and T2. AGC is used in 
conjunction with the transimpedance amplifier in order to produce an output voltage 
which comprises a pulse train switched in accordance with the optical source having 
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substantially constant amplitude over a wide range of input currents. Thus, AGC may be 

used to increase the dynamic range of the TIA by designing it to operate over a wide 

range of input currents. 

[0013] A second feed back circuit, an automatic offset cancellation or control loop, 
includes low pass filter 260, integrator 270 in parallel with capacitor C3, and transistor 
T3. Offset correction or cancellation is a technique to correct amplifier output variation 
due to having a single input source for the differential circuit or offset produced from 
manufacturing induced variations in the structure of the circuit devices that comprise the 
amplifier. The offset control loop is separated from the gain control loop, thereby 
providing amplifier operating stability. 

[0014] Peak detector 245 receives output signals Vip and Vin from amplifier 230 and 
produces a first input 246 (Vout) to DC gain amplifier 250. Low pass filter 260 also 
receives output signals Vip and Vin and generates an averaged voltage signal 247 
(Vout_ref) which is supplied by peak detector 240. The output of peak detector 240 
produces a second input 247 to DC gain amplifier 250. The gate terminals of transistors 
Tl and T2 are connected to the output of DC gain amp 250. The transimpedance of TIA 
140 is controlled by DC gain amplifier 250. The source terminal of transistor T2 is 
connected to amplifier 230 and the drain is connected to feedback resistor Rl. The 
source terminal of transistor Tl is connected to amplifier 230 and the drain is connected 
to feedback resistor R2. Integrator 270 is connected to low pass filter 260 and capacitor 
C2 is connected in parallel to integrator 270 which is connected to the gate terminal of 
transistor T3. Because the input to amplifier 230 is single ended, an offset exists at the 
output. Low pass filter 260 and integrator 270 function to vary the current in T3 such 
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that the transistor T3 mimics photodetector 130 and the current of transistor T3 will be 

proportional to the amplifier offset. In this manner, if an offset exists at the amplifier 

output, transistor T3 corrects the offset thereby balancing the output. 

[0015] Peak detectors 240 and 245 may perform as rectifiers to supply a voltage in the 

automatic gain control loop of TIA 140. Peak detector 245 detects the peaks of 

differential outputs Vip and Vin. When the output voltages Vip and Vin vary, a voltage 

swing is produced and peak detector 245 supplies corresponding voltage signal Vout to 

DC gain amp 250. Outputs Vip and Vin are also supplied to low pass filter 260 which 

essentially averages the output signals and filters out any AC signal components. In this 

manner, peak detector 245 monitors the output amplitude of amplifier 230 thereby 

providing improved automatic gain control provided by the gain control feedback loop. 

[0016] Because outputs Vip and Vin are passed through low pass filter 260, they will 

have reduced voltage swing and peak detector 240 produces reference voltage Vout_ref. 

When the peak voltages of Vip and Vin are small, Vout = Vout_ref and DC gain amp 250 

will not turn on transistors T2 and Tl. When Vout exceeds Vout_ref by a nominal 

voltage, DC gain amp 250 turns on gain control transistors Tl and T2. By coupling the 

gain control transistors Tl and T2 with feedback resistors Rl and R2, the variable gain of 

the amplifier may be realized. 

[0017] Peak detectors 240 and 245 function in the same way, but receive different input 
signals. Peak detector 240 receives the outputs from low pass filter 260, and peak 
detector 2 receives voltage signals Vip and Vin from amplifier 230. Therefore, if the DC 
input values to peak detector 245 increase, the DC input values to peak detector 240 also 
increase and the effect is cancelled out. This adds additional robustness to TIA 140. 
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[0018] Figure 3 is a schematic diagram of peak detectors 240 and 245 in accordance with 

one embodiment. Peak detector 240 includes transistors T4, T5, and T6, resistors R3 and 

R4 and capacitor C3. The outputs of low pass filter 260 are connected to the gate 

terminals of transistors T4 and T5. Resistor R3 is connected to the source terminals of 

transistors T4 and T5 and the drain terminals of transistors T4 and T5 are connected to 

resistor R4 and the source terminal of transistor T6. Bias 310 supplies a signal to the gate 

terminal of transistor T6 which turns the transistor on. Because outputs Vip and Vin are 

averaged by low pass filter 260, the signals will not have a differential peak value and 

Vout_ref is a voltage related to the current source that is compared to the output 

amplitude of Vout generated by peak detector 245. 

[0019] Peak detector 245 includes transistors T7, T8 and T9, resistors R5 and R6, and 
capacitor C4. As can be seen from the schematic illustrations, differential peak detectors 
240 and 245 have the same architecture, thereby providing stable operation and improved 
immunity to manufacturing process variations. Output Vip from inverting amplifier 230 
is supplied to the gate terminal of transistor T8. Output Vin from inverting amplifier 230 
is supplied to the gate terminal of transistor T7. Resistor R5 is connected to the source 
terminals of transistors T7 and T8. Drain terminals of transistors T7 and T8 are 
connected to resistor R6 and the source terminal of transistor T9. Capacitor C4 is 
coupled to resistor R6. This coupling provides a noiseless DC voltage and a stable Vout 
signal. The inputs to peak detector 245 (Vip and Vin) are combined via transistors T7 
and T8. Depending on the peak values between these signals, Vout will increase or 
decrease accordingly. As discussed previously, Vout >Vout_ref if the peaks of signals 
Vip and Vin are relatively large and Vout = Vout_ref if the peaks of signals Vip and Vin 
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are relatively small. Both peak detectors 240 and 245 use the same bias signal 310. 

Transistors T6 and T9 control the nominal threshold voltage of peak detectors 240 and 

245 respectively. Peak detector 245 utilizes the bias signal, however, to determine the 

threshold voltage swing between outputs Vip and Vin of amplifier 230, whereas the 

outputs from low pass filter 260 are averaged. When no peak is detected Vout = 

Vout_ref, which is dependent on the bias. 

[0020] While certain features of the embodiments have been illustrated as described 
herein, many modifications, substitutions, changes and equivalents will now occur to 
those skilled in the art. It is, therefore, to be understood that the appended claims are 
intended to cover all such modifications and changes as fall within the true spirit of the 
embodiments. 
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